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Introduction

The Government Performance and Results Act

(GPRA) passed by Congress and signed by the

President in 1993 provides a new tool to improve the

efficiency of all Federal agencies. The goals of

GPRA are to:

e Improve Federal program management, effective-
ness, and public accountability

* Improve congressional decisionmaking on where
to commit the Nation’s financial and human
resources

e Improve citizen confidence in Government

performance

The Act directs Executive Branch agencies to devel-
op a customer-focused strategic plan that aligns
activities with concrete missions and goals. The first
plans were submitted in September 1998 as part of
the Fiscal Year 1999 (FY99) budget process. These
budget submissions were expected to support the
goals expressed in the agency strategic plans. The
Act also directs agencies to manage and measure
results to justify congressional appropriations and
authorizations. Six months after the completion of the
fiscal year, agencies will report on the degree of suc-
cess in achieving the goals and evaluation measures
defined in the strategic and performance plans.

Processes within NASA's Strategic Management
System provide the information and results for GPRA’s
planning and reporting requirements. The System is
defined in the NASA Strategic Management
Handbook (NASA Procedures and Guidelines
1000.2). Figure 1 illustrates the hierarchy of documen-
tation for the Strategic Management System.

The NASA Strategic Plan (NASA Policy Directive
1000.1) defines the vision, mission, and fundamental
guestions of science and research that provide the

foundation of the Agency’s goals. The Plan describes
four Strategic Enterprises that manage the programs
and activities to implement our mission, answer the
fundamental questions, and provide service to iden-
tified customers. The support systems for the
Strategic Enterprises, defined as Crosscutting
Processes, are also defined in the Strategic Plan.

The NASA FY1999 Final Performance Plan outlines
selected measurements to evaluate progress the
Agency intends to make in FY99 toward the achieve-
ment of its goals. The revisions in the FY1999 Final
Performance Plan address inputs from our customers
requesting that we: (1) provide better linkage to our
budget, (2) incorporate additional information estab-
lishing the reasonableness of our performance targets,
and (3) better identify the means we will use to verify
our performance. This final version contains modifica-
tions to selected measures that appear in the initial
FY 1999 Government Plan. These modifications reflect
changes that have taken place since the performance
measurements were submitted in the fall of 1997.

Many of NASA’s goals and objectives span multiple
years, as do the activities required to achieve them.
The pursuit of expanding knowledge is challenging,
and final results are often unpredictable. In research
and development, expenditures made in one year
may not pay dividends for a number of years, making
it difficult to use annual measures of performance to
demonstrate the relationship between resources pro-
vided in any given year and a potential outcome that
occurs much later. Of necessity, we must include a
relatively high percentage of measures of output to
address the benefits to be realized as a result of the
annual expenditures anticipated for the fiscal year.
Furthermore, we often find that stakeholders outside
the Agency determine the ultimate use of that knowl-
edge; thus the ultimate outcome is frequently not
within our control. For example, we do not control
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when or whether the aeronautics community will

incorporate a state-of-the-art advancement into its
commercial aircraft production lines, nor can we
guarantee that a developer of launch systems will
take sufficient risk to fund the development the next
generation of launchers based on technologies
developed at our Centers.

The challenges of relating annual performance to a
multiyear undertaking are inherent to all research
and development efforts, and we will continue to con-
tinue to work toward the goal of making more effec-
tive linkages among the expenditure of resources,
annual performance, and the realization of the
desired long-range goals. Having noted the chal-

lenges of connecting annual expenditures with long-
range goals, it is worth reiterating the importance of
keeping the funding pipeline filled to ensure the
downstream realization of our primary mission. It is
anticipated that future versions of NASA's perfor-
mance plans will incorporate the full investments that
have been made prior to the year of record.

As with the Strategic Plan, NASA intends to revise and
improve the content of future editions of this docu-
ment. Agency managers will validate the performance
measures in consultation with customers, employees,
and stakeholders in the Administration, Congress, and
other agencies. Similar consultations will be conduct-
ed with internal and external advisory committees.

NASA’s Strategic Management System Documents
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Annual Budget
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Strategic Five-Year
Plan Budget
Plan

*

Enterprise
Strategic
Plans

Field Center
Implementation
Plans

* . .
Document contents prescribed in
Government Performance and Results Act

Figure 1

Annual

Agency
Performance
Plan
*
Headquarters
Functional/
Staff Office
Implementation
Plans
Program/
Project (T
Plans
\
\
\ Employee
\ Performance
Plans
Annual
\ Agency
\ Performance
Report
*




NASA Vision Statement

NASA is an investment in America’s future. As
explorers, pioneers, and innovators, we boldly
expand frontiers in air and space to inspire and serve
America and to benefit the quality of life on Earth.

NASA Mission Statement

To advance and communicate scientific knowledge
and understanding of the Earth, the solar system,
and the universe and use the environment of space
for research;

To explore, use, and enable the development of
space for human and robotic endeavors in science
and commerce;

To research, develop, verify, and transfer advanced
aeronautics, space, and related technologies.

NASA Performance Plan

This document, as required by GPRA, describes
performance measures and service levels for pro-
gram activities requested in the FY99 budget.
NASA'’s
Strategic Enterprises and Crosscutting Processes.
The FY1999 NASA Performance Plan should be
used in conjunction with the NASA Strategic Plan
(NPD 1000.1) and the NASA Budget Estimates,
Fiscal Year 1999 to obtain a complete understand-

Performance goals are defined for

ing of the entire body of work being undertaken by
the Agency in Fiscal Year 1999. The NASA Budget
Estimates, Fiscal Year 1999 document provides the
complete description of program activities, budget
requirements, and performance measures. The

NASA Performance Plan provides detail for only a
subset of the information provided in the Budget
Estimates publication.

NASA implements and executes its space and
aeronautics programs and activities through four
Strategic Enterprises. Each Enterprise has identi-
fied a unique set of goals, objectives, and strate-
gies to meet the requirements of their primary
customers. The four Enterprises are:

e Space Science

» Earth Science

¢ Human Exploration and Development of Space
« Aero-Space Technology

The Crosscutting Processes support the goals of
the Agency and all four Enterprises. The
Crosscutting Processes transform inputs, such as
policies and resources, into outcomes, such as
knowledge. The Processes are:

« Manage Strategically

» Provide Aerospace Products and Capabilities

e Generate Knowledge

e Communicate Knowledge

Each section of the Performance Plan includes the

following:

* A description of the mission of the Enterprise or
Crosscutting Process.

e The budget and Civil Service personnel required
to support the Enterprise for FY 99-03.

A description of the measurement and the perfor-
mance target for FY99 (Where applicable, com-
parison data to previous years will be provided).

« A crosswalk relating the performance targets to
the NASA budget structure.

PERFORMANCE PLAN




6

NASA’s Strategic Management System Roadmap

Vision, Mission, Questions, Roadmap and Goals, and Contributions to National Priorities

Primary Areas
of Business

investment in
America’s

future.

As explorers,
pioneers, and
innovators,
we boldly
expand
frontiers

in air and
space to
inspire

and serve
America and
to benefit
the quality of

life on Earth.

and understanding
of the Earth, the solar

system, and the

universe and use the
environment of space

for research

To explore, use,
and enable the
development

of space for
human and
robotic endeavors
in science and
commerce

Pt
S

To research,
develop, verify,
and transfer
advanced
aeronautics,
space, and
related
technologies

How can our exploration of the
universe and our solar system
revolutionize our understanding of
physics, chemistry, and biology?

. Does life in any form, however

simple or complex, carbon-based
or other, exist elsewhere than on

planet Earth? Are there Earth-like
planets beyond our solar system?

. How can we utilize the knowledge

of the Sun, Earth, and other
planetary bodies to develop
predictive environmental, climate,
natural disaster, and natural
resource models to help ensure
sustainable development and
improve the quality of life on Earth?

. What is the fundamental role of

gravity and cosmic radiation in vital
biological, physical, and chemical
systems in space, on other
planetary bodies, and on Earth,
and how do we apply this
fundamental knowledge to the
establishment of permanent human
presence in space to improve life
on Earth?

. How can we enable revolutionary

technological advances to provide
air and space travel for anyone,
anytime, anywhere more safely,
more affordably, and with less
impact on the environment and
improve business opportunities and
global security?

. What cutting-edge technologies,

processes, and techniques and
engineering capabilities must we
develop to enable our research
agenda in the most productive,
economical, and timely manner?
How can we most effectively
transfer the knowledge we gain
from our research and discoveries
to commercial ventures in the air,
in space, and on Earth?

. "\ Agency Fundamental
Vision i - and
—/ Mission Questions Crosscutting
Processes
To advance and . . .
: . How did the universe, galaxies i
communicate ! ’
. e tars, and planets f d evolve? Strategic
NASA is an scientific knowledge Piars, and plane's orm and evove Enterp?ises *

e Space Science
(1, 2, 6)

« Earth Science
(3,6)

* Human
Exploration and
Development of
Space (4, 6)

¢ Aero-Space
Technology (5, 6)

Crosscutting
Processes

* Manage
Strategically

* Provide
Aerospace
Products and
Capabilities (6)

¢ Generate
Knowledge

« Communicate
Knowledge

* The numbers in
parentheses identify
questions of primary
concern for each
enterprise.

Figure 2
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Near-, Mid-, and Long-Term Agency Goals

1998-2002
Establish a Presence
Deliver world-class
programs and cutting-edge
technology through
a revolutionized NASA

2003-2009
Expand Our Horizons
Ensure continued U.S.
leadership in space and
aeronautics

~/

2010-2023

Develop the Frontiers

Expand human activity and

space-based commerce in the

frontiers of air and space

Contributions
to National
Priorities

Develop lower cost missions:

« Characterize the Earth
system with data, models, and
analysis

¢ Chart the evolution of the
universe, from origins to
destiny, and understand its
galaxies, stars, planets, and
life

« Explore the role of gravity in
physical and chemical
processes in space

Share new knowledge with our

customers and contribute to

educational excellence

« Expand our understanding of
Earth system changes

« Expand our understanding of
the evolution of the universe,
from origins to destiny

« Expand our understanding of
nature’s processes in space
through long-duration
research

« Share expanded knowledge
of our planet and the universe
with our customers and
contribute to educational
excellence

N >

Create an international capability
to forecast and assess the health
of the Earth system

Create a virtual presence
throughout our solar system and
probe deeper into the mysteries
of the universe and life on Earth
and beyond

Use our understanding of nature’s
processes in space to support
research endeavors in space and
on Earth

Share understanding of the Earth
system and the mysteries of the
universe with our customers and
contribute to the achievement of
the Nation’s educational goals

Advance human exploration of

space:

* Assemble and conduct
research on the International
Space Station

« Develop robotic missions as
forerunners to human
exploration beyond low-
Earth orbit

Improve Space Shuttle safety

and efficiency and transition to

private operations as
appropriate

« Live and work in space to
develop and demonstrate
critical capabilities and
systems to prepare for
expanded human exploration
and commercial development
of space

« Expand the use of robotic

missions to prepare for

human exploration beyond
low-Earth orbit

Transition to a commercially

operated reusable launch

vehicle for unpiloted missions

~ >

Conduct international and
U.S. human and robotic
missions to planets and other
bodies in our solar system to
enable human expansion
Provide safe and affordable
space access, orbital transfer,
and interplanetary
transportation capabilities to
enable research, human
exploration, and the
commercial development of
space

Develop and transfer cutting-

edge technologies

« Provide new technologies,
processes, world-class
facilities, and services to
enhance research and make
aeronautics and space
programs more affordable
(e.g., develop and
demonstrate a reusable
launch vehicle, advance
intelligent systems and the
miniaturization of
technologies, and utilize
simulation-based design)

« Cooperate with industry and
other agencies to develop
affordable technologies for
U.S. leadership in the
aviation markets of the
21st century

« Stimulate the application of
NASA technology in the
private sector and promote
commercial use of space

« Lead the activities of industry
and other agencies to
develop advanced
technologies that will enable
human missions beyond
Earth orbit

« Improve aeronautics and
space system design cycles,
technologies, and
applications to reduce aircraft
accident rates, emissions,
noise levels, and costs,
enhance research, and foster
new products and industries

« Apply knowledge gained
from space-based
experimentation to ground-
based research,
development, and
manufacturing

>

Develop cutting-edge
aeronautics and space
systems technologies to
support highways in the sky,
smart aircraft, and
revolutionary space vehicles
(These will provide faster,
safer, more affordable air and
space travel with less impact
on the environment and
enable expanded research of
our planet and the universe.)

Support the maturation of
aerospace industries and the
development of new high-tech
industries such as space-
based commerce through
proactive technology transfer

The outcomes of NASA's
activities contribute to the
achievement of the Nation’s
science and technology goals
and priorities:

e Increased Understanding
of Science and
Technology

We will communicate widely
the content, relevancy, and
excitement of our missions and
discoveries to inspire and
increase understanding and
the broad application of
science and technology.

¢ Sustainable Development
of the Environment

We study the Earth as a planet
and as a system to understand
global change, enabling the
world to address
environmental issues.

¢ Educational Excellence

We involve the educational
community in our endeavors
to inspire America’s students,
create learning opportunities,
and enlighten inquisitive minds.

e Peaceful Exploration and
Discovery

We explore the universe to
enrich human life by
stimulating intellectual curiosity,
opening new worlds of
opportunity, and uniting nations
of the world in a shared vision.

* Economic Growth and
Security

We develop technology in
partnership with industry,
academia, and other Federal
agencies to support the fullest
commercial use of space to
promote economic growth and
keep America capable and
competitive.

i
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NASA Fiscal Year 1999 Budget
Request

The NASA FY99 budget request, as amended by
the FY99 Appropriation and Initial FY99 Operating
Plan (Figure 3), reaffirms the President's commit-
ment to a balanced aeronautics and space pro-
gram. This budget will support the Agency’s
priorities as directed by the National Space Policy
a National

and the President’'s Goals for

Partnership in Aeronautics Research and
Technology. NASA'’s priorities include a commit-
ment to safety for human aeronautics and space
flight, the assembly of the International Space
Station, and the development of the Next
Generation Launch Vehicle. The budget also pro-
vides support for an aggressive space science pro-
gram, a program of long-term observation,

research, and analysis of Earth from space, and

revolutionary advancements that will sustain global
U.S. leadership in civil aeronautics and space.

Under the FY1999 appropriations structure, the
Mission Support appropriation carries a portion of
the direct support required to execute the
Enterprise goals and objectives, notably Research
and Operations Support and Civil Service salaries
and travel. As NASA moves into the era of full cost
management, the budget for these supporting ele-
ments will be directly allocated to the programs and
projects. The remaining direct costs, such as for
mission-unique information technology support,
are already incorporated into the program and pro-
ject budgets; thus they are not identified as sepa-
rate contributions. For informational purposes, the
Enterprise sections of this plan will display the Civil
Service staffing levels assigned to the Enterprise.

Fiscal Year 1999 Estimates
(In millions of Real Year Dollars)

EY 99 EY 00 EY 01 EY 02 EY 03
NASA Total Budget 13,665 13,278 13,315 13,394 13,435
Space Science 2,119 2,207 2,308 2,387 2,568
Earth Science 1,414 1,492 1,494 1,449 1,407
Human Exploration and Development of Space 6,309 6,087 5,929 5,725 5,480
Aero-Space Technology 1,339 1,092 1,026 1,057 1,071
Mission Support, Academic Programs, 2,475 2,400 2,558 2,776 2,909

Inspector General, and others
Civil Servant Full-Time Equivalents 18,519 17,818 17,628 17,580 17,517
Figure 3




Space Science Enterprise

Mission

The Space Science Enterprise mission is to solve
mysteries of the universe, explore the solar sys-
tem, discover planets around other stars, and
search for life beyond Earth. Programs of the
Enterprise chart the evolution of the universe from
origins to destiny, as well as improve understand-
ing of galaxies, stars, planets, and life. The
Enterprise mission includes developing innovative
technologies to support Space Science programs
and making them available for other applications
that provide benefits to the Nation. Knowledge and
discoveries will be shared with the public to
enhance science, mathematics, and technology
education and increase the scientific and techno-
logical literacy of all Americans.

Implementation Strategy

The Space Science Enterprise is developing new
programs through the “faster, better, cheaper”
approach. Program managers are encouraged to
accept prudent risk, shorten development time of
technologies and missions, explore new conceptual
approaches, streamline management, and incorpo-
rate innovative methods and technologies to
enhance efficiency and effectiveness. Collaborative
efforts with other Federal agencies, such as the
National Science Foundation, Department of
Defense, and Department of Energy, as well as with
international partners, continue to play a key role in

the implementation strategy of the Enterprise.

The same spirit of innovation that embodies the
Space Science flight programs applies to technolo-
gy development. Long-term, high-risk, high-payoff
technologies are key to implementing the Space
Science mission. Technologies for advanced minia-
turization, intelligent systems, autonomous opera-

tions, and simulation-based design will receive spe-
cial attention in FY99.

Enterprise Resource Requirements

The President has requested the following budget
for FY99 to FY03 to support the accomplishment of
Space Science goals:

™M FY 99 EY 00 FY 01 FY 02 EY 03

New Obligations Authority 2119 2207 2308 2387 2568
Civil Servants 1832 1781 1767 1776 1778
Performance Measures

To meet the near-term goals displayed in Figure 2
(page 7), the following objectives will be measured:

Objective—Solve mysteries of the universe

Space Science spacecraft will chart the evolution

of the universe and enhance our understanding of

galaxies, stars, and planets. The performance tar-

get will be to:

e Successfully launch seven spacecraft, within
10 percent of budget on average.

The Hubble Space Telescope will continue its obser-

vations of the universe. Hubble will complete a 3-year

research project to determine the expansion rate of
the universe (the Hubble constant), which deter-
mines its age. The performance target will be to:

« Measure the Hubble constant within an accuracy
of about 10 percent, as compared to previous
measurements that differ among themselves by
a factor of two.

The Chandra X-ray Observatory (formerly the

Advanced X-ray Astrophysics Facility) will record

images and spectra of the Milky Way and other

galaxies. The performance targets will be to:

« Record 25 images and spectra at a resolution of
better than an arcsecond, five to ten times sharp-

PERFORMANCE PLAN




10

er than images gathered earlier by the Einstein
Observatory.

» Record data on approximately 12 compact stellar
objects with a sensitivity 50 times greater than
the Einstein Observatory.

The Rossi X-ray Timing Explorer (RXTE) was
launched in December 1995. RXTE is measuring
rapid fluctuations of x-rays from cosmic sources
and will conduct experiments to test the General
Relativity Theory. The performance target will be to:
» Observe physical phenomena 25,000 times clos-
er to the event horizon of black holes than per-
mitted with optical wavelength measurements.

Objective—Explore the solar system
The Near-Earth Asteroid Rendezvous (NEAR) will
provide high-precision measurements of the shape
and composition of the asteroid Eros, increasing
our understanding of the early history of such bod-
ies and the solar system. The performance targets
will be to:

» Orbit Eros closer than 50 kilometers, 20 to
30 times closer than previous asteroid flybys.

* Measure the shape of Eros to an accuracy of
1 kilometer or better, about 10 times better than
previous measurements, and measure the aster-
oid’s mass to an accuracy of 20 percent.

e Complete the first direct compositional measure-
ments of an asteroid.

The Lunar Prospector, launched in 1998, is

designed to provide a complete geochemical map

of the lunar surface. Research returns will also

expand knowledge of the early history of the Moon.

The performance targets will be to:

* Map the 75 to 80 percent of the Moon’s surface
not accessible during the Apollo missions con-
ducted from 1969 to 1972.

* Provide definitive measurements of the weak
lunar magnetic field.

The Transition Region and Coronal Explorer
(TRACE) will observe energy propagation from
solar disturbances beginning at the bottom of the
visible solar atmosphere into the corona high
above. The observations will be made at both high
spatial resolution (a few arcseconds) and high time
resolution (a few seconds). The analysis of these
data will improve the understanding of solar activi-
ty and enhance the ability to predict its occurrence
and effects in interplanetary space and on Earth.
The performance target will be to:
e Provide these data with spatial resolution five
times better than was collected from the Yohkoh
Soft X-ray Telescope.

Objective—Discover planets around other stars
NASA will connect the twin 10-meter telescopes at
the Keck Observatory in Hawaii into an 85-meter-
baseline interferometer. This system will provide a
capability to directly detect hot planets with Jupiter-
size masses and characterize clouds of dust and
gases permeating other planetary systems. The
performance target will be to:

* Assemble and lab-test the interferometer beam
combiner. This state-of-the-art system will
approximately double observational efficiency by
using a new approach to fringe detection.

Objective—Search for life beyond Earth

The Galileo spacecraft will continue to conduct
investigations of Jupiter's moon, Europa, expand-
ing the understanding of its history. Data collected
will help determine the presence and state of
water, a central consideration in understanding the
possibility of life on the moon. The near-infrared
imaging spectrometer on Galileo will provide data

&
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on mineralogical characteristics of the observed

portions of the surface, while gravitational and

magnetometer measurements will yield insight
about conditions below the surface. The perfor-
mance targets will be to:

» Successfully complete and receive scientific data
from at least 8 of 10 planned data-taking encoun-
ters with Europa.

 Bring the total mapping coverage to about 1 per-
cent of the surface at about 30-meter resolution
and multispectral coverage distributed over
50 percent of the surface at lower resolution.

NASA will establish a new Astrobiology Institute.
The Institute will promote the publication of inter-
disciplinary research, demonstrate investigator
interactions, and foster effective public education
and outreach on research of life in the universe. To
stimulate and facilitate multidisciplinary research,
the Institute will feature an innovative virtual orga-
nizational structure. In FY98, NASA will select the
participating organizations and the Institute
Director. The performance target will be to:
« Initiate Institute operations by linking up to eight
institutions  and

engaging approximately

50 investigators.

Objective—Investigate the composition, evolu-
tion, and resources on Mars, the Moon, and
small bodies

Results from the Mars Global Surveyor will provide
a greater understanding of geological processes of
the planet. The Mars Global Surveyor will also pro-
vide data to determine whether or not water-relat-
ed minerals are present on the surface. In addition
to their immediate scientific interest, these data will
provide information on potential landing sites for
missions of human exploration at a later time. The
performance targets will be to:

» Achieve the final science orbit.

* Measure the topography with 10-meter precision,
about 100 times more accurate than previous
measurements.

e Provide high-resolution 1.5-meter imaging data,
10 times more detailed than the best imaging
from the 1976 Viking mission.

* Provide the first thermal infrared spectrometry of
the planet.

Objective—Improve the reliability of space
weather forecasting

During FY99, the Sun will approach the most active
part of its 11-year cycle. Observations of solar
activity will be conducted with a series of NASA
spacecraft, Wind, the
Interplanetary Monitoring Platform-8 (IMP-8), and

including Polar,
the Anomalous Composition Explorer (ACE). Data
will also be collected from instruments on two
and Yohkoh.
Information from these combined missions will help

Japanese spacecraft, Geotail
characterize solar energetic particle emissions and
will promote development of predictive tools to
manage the effects of solar activity on terrestrial
activity. Research on solar activity will contribute to
designs for human interplanetary exploration. The
performance target will be to:
» Achieve complete coverage (maximum and mini-
mum) of the solar cycle, an increase from 35 percent.

Objective—Develop innovative technologies for
Enterprise missions and for external customers
The New Millennium program will develop and val-
idate innovative technologies and capabilities that
will be required for Space Science missions
planned for the next decade. The performance tar-
get will be to:
* Demonstrate an electric ion propulsion system
with specific impulse 10 times greater than
chemical propulsion systems.

11
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The Micro-Arcsecond Metrology Testbed will

demonstrate an improvement in positioning accu-

racy of optical surfaces. This accuracy is important

for the development of high-performance interfer-

ometers. The performance target will be to:

« Demonstrate an improvement in measurement
precision for optical pathlengths in laser light to the
100-picometer (million-millionths of a meter) range.

The Mars 98 Lander will demonstrate technologies

to reduce mass and power consumption and

increase instrument reach and dexterity. The per-
formance target will be to:

e Demonstrate an advanced robotic manipulator
with
improvement compared to the manipulator used
on Viking in 1976.

an order-of-magnitude performance

Objective—Incorporate education and enhanced
public understanding of science as integral
components of Space Science missions and
research

Space Science missions and research programs

make a unique contribution to education and the

public understanding of science. Providing a

steady return of discoveries and new knowledge

contributes to the accomplishment of this objective.

The performance targets will be to:

 Account for 4 percent of the 150 “most important sci-
ence stories” in the annual review by Science News.

» Account for no less than 25 percent of total con-
tributions to the college textbook Astronomy:
From the Earth to the Universe.

» Ensure that each new Space Science Enterprise
mission initiated in FY99 will have a funded edu-
cation and outreach program.

» Ensure that the Space Science Enterprise will
complete an organized network of contacts by

the end of FY99 to work with educators and
space scientists to formulate and implement
space science education and outreach pro-
grams. This network will be available to every
State in the United States.

Fundamental Science Metrics
NASA Space Science Contributions Growing!

10%- T30%

20%

Textbook Metric

5%+

(based on Science News metric)

r10%

% of Scientific Discovery Worldwide

Science
News
Metric

% of Textbook Based on NASA Space Science

0% +—+—+—+—+—+—+—+—++++++++++++++++
73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97
Fiscal Year

Figure 4

External Assessment

The Space Science Advisory Committee of the
NASA Advisory Council will conduct an annual
assessment of the Enterprise’s near-term science
objectives. The Committee will provide a qualitative
progress measurement (Green, Yellow, or Red).
“Green” will indicate that an objective was met;
“Yellow” will indicate a concern that an objective
was not fully accomplished; and “Red” will indicate
that events occurred that prevented or severely
impaired the accomplishment of the objective. The
assessment will include commentary to clarify and
supplement the qualitative measures.
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Space Science—Chart 1

Space Science Enterprise
Strategic Goals

Objectives

Final FY 1999 Performance Targets

99#

Chart the evolution of the universe,
from origins to destiny, and understand
its galaxies, stars, planets, and life

Solve mysteries of the universe

Successfully launch seven spacecraft, within 10 percent of budget on average.

Complete 3-year Hubble Space Telescope research project to measure the Hubble constant within an accuracy
of approximately 10 percent, as compared to previous measurements that differ among themselves by a factor
of two.

The Chandra X-ray Observatory will record 25 images and spectra of galaxies at a resolution of better than an
arcsecond, five to ten times sharper than images gathered earlier by the Einstein Observatory.

Chandra will record data on approximately 12 compact stellar objects with a sensitivity 50 times greater than
the Einstein Observatory.

The Rossi X-ray Timing Explorer (RXTE) will observe physical phenomena 25,000 times closer to the event
horizon of black holes than permitted with optical wavelength measurements.

Sl

S2
S3
S4
S5

Explore the solar system

The Lunar Prospector will provide definitive measurements of the weak lunar magnetic field.

The Transition Region and Coronal Explorer (TRACE) will provide data with a spatial resolution five times better
than was collected from the Yohkoh Soft X-ray Telescope.

The Near-Earth Asteroid Rendezvous (NEAR) will orbit EROS at a distance closer than 50 kilometers, 20-30
times closer than previous asteroid flybys.

NEAR will measure the shape of EROS to an accuracy of 1 kilometer or better, about 10 times better than
previous measurements, and measure its mass to an accuracy of 20 percent.

NEAR will complete the first direct compositional measurements of an asteroid.

The Lunar Prospector will geochemically map the 75-80 percent of the Moon’s surface not accessible during
the Apollo missions (1969-1972).

S10
S11
S6

S7
S8

S9

Discover planets around other
stars

Assemble and lab-test the interferometer beam combiner (connecting the twin 10-meter telescopes at the Keck
Observatory in Hawaii into an 85-meter-baseline interferometer), which will approximately double observational
efficiency by using a new approach to fringe detection.

S12

Search for life beyond Earth

Successfully complete and receive scientific data from at least 8 of 10 planned data-taking encounters with
Europa.

Bring the total mapping coverage to one percent of the surface at 30-meter resolution and multispectral coverage
distributed over 50 percent of the surface at lower resolution.

Initiate the Astrobiology Institute’s operations by linking up to eight instititions and engaging approximately

50 investigators to promote publication of interdisciplinary research and foster effective public education and
outreach on research on life in the universe.

S13
S14

S

Use robotic missions as forerunners
to human exploration beyond
low-Earth orbit

Investigate the composition,
evolution, and resources of Mars,
the Moon, and small bodies

Achieve final science orbit of the Mars Global Surveyor

The Mars Global Surveyor (MGS) will measure the topography with 10-meter precision, about 100 times more
accurate than previous measurements.

MGS will provide high-resolution 1.5-meter imaging data, 10 times more detailed than the best Viking data (1976).
MGS will provide the first thermal infrared spectrometry of the planet.

S5

S19
S20
S21

Improve the reliability of space
weather forecasting

Achieve complete coverage (maximum and minimum) of the solar cycle, an increase from 35 percent.

S22

Develop new critical technologies to
enable innovative and less costly
mission and research concepts

Develop innovative technologies
for Enterprise missions and for
external customers

The New Millennium program will demonstrate an electric ion propulsion system with specific impulse 10 times
greater than chemical propulsion systems.

Demonstrate an improvement in measurement precision for optical pathlengths in laser light to 100-picometer
(million-millionths of a meter) range.

The Mars 98 Lander will demonstrate an advanced robotic manipulator with improved performance of an order
of magnitude compared to the manipulator used on Viking in 1976.

S23
S24
S25

Contribute measurably to achieving the
science, math, and technology education
goals of our Nation, and share widely
the excitement and inspiration of our
missions and discoveries

Incorporate education and
enhanced public understanding
of science as integral
components of Space Science
missions and research

Account for 4 percent of the 150 “most important science stories” in the annual review by Science News.
Account for no less than 25 percent of total contributions to the college textbook Astronomy: From the Earth to
the Universe.

Each new Space Science Enterprise mission will have a funded education and outreach program.

The Space Science Enterprise will complete an organized network of contacts by the end of FY99 to work with
educators and space scientists to formulate and implement space science education and outreach programs.

S26

S27
S28

S29

€T
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Solve mysteries of the universe X S2 ESS, DPO
X S3,S4
X S5
Explore the solar system X S6, S7, S8 HDS
X S9, S10 HDS
X S11 HDS
Discover planets around other stars X S12
Search for life beyond Earth X S13, S14 ESS
X S17
Investigate the composition, evolution, X S15, S19, S20, S21 ESS
and resources on Mars, the Moon,
and small bodies
Improve the reliability of space X S22 ESS
weather forecasting
Develop innovative technologies for X S23, S24, S25 ESS
Enterprise missions and for external
customers
Incorporate education and enhanced X S26, S27, S28, S29
public understanding of science as
integral components of Space
Science missions and research
S1 All

Note: X=Primary Contribution, Y=Secondary Contribution




Earth Science Enterprise

Mission

The Earth Science Enterprise mission is to under-
stand the total Earth system and the effects of nat-
ural and human-induced changes on the global
environment. Programs of the Enterprise advance
the new discipline of Earth System Science, with a
near-term emphasis on global climate change.
Both space- and ground-based capabilities yield
new scientific understanding of Earth and practical
benefits to the Nation. Research results will con-
tribute to the development of environmental policy
and economic investment decisions. The
Enterprise mission includes developing innovative
technologies to support Earth Science programs
and making them available for solving practical
societal problems in agriculture and food produc-
tion, water resources, and national resource man-
agement that provide benefits to the Nation.
Knowledge and discoveries will be shared with the
public to enhance science, mathematics, and tech-
nology education and increase the scientific and

technological literacy of all Americans.

Implementation Strategy

The Earth Science Enterprise conducts global and
regional research requiring the vantage point of
space. New programs will be developed and
deployed through the “faster, better, cheaper”
approach. Program managers are encouraged to
accept prudent risk, shorten development time of
technologies and missions, explore new conceptual
approaches, streamline management, and incorpo-
rate innovative methods to enhance efficiency and
effectiveness. Programs of the Enterprise con-
tribute to the U.S. Global Change Research
Program and are conducted in collaboration with
ten other U.S. Federal agencies and 13 nations.
Cooperative research programs with national and

international partners will continue to play a key role
in the implementation strategy of the Enterprise.

The same spirit of innovation that embodies the
Earth Science flight programs applies to technolo-
gy development. Long-term, high-risk, high-payoff
technologies are key to implementing the Earth
Science mission. The Enterprise priorities feature
near-term product milestones on a path of long-
term inquiry. Obtaining data from the private sector
is an emerging feature of the Enterprise strategy.
This will reduce Agency costs and encourage the
growth of the commercial remote-sensing industry.

Enterprise Resource Requirements

The President has requested the following budget
for FY99 to FY03 to support the accomplishment of
Earth Science goals:

M FY 99 EY 00 EY 01 FY 02 EY 03

New Obligations Authority 1414 1492 1494 1449 1407
Civil Servants 1381 1412 1431 1428 1428
Performance Measures

To meet the near-term goals displayed in Figure 2
(page 7), the following objectives will be measured:

Objective—Understand the causes and conse-
quences of land-cover/land-use change

The carbon cycle is one of the major Earth system
processes influencing global climate. Key elements
of NASA contributions are monitoring land-cover
changes and measuring both terrestrial processes
and ocean biological processes to estimate carbon
uptake. An important unknown in the carbon cycle
are seasonal rates of carbon storage in the ocean,
which are caused by the activity of phytoplankton,
which can be monitored from space. In addition to
observations, NASA invests in research, data analy-
sis, and modeling projects to understand the role of
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marine and terrestrial ecosystems in the global car-

bon cycle. The performance targets will be to:

* Begin to refresh the global archive of 30-meter
land imagery from Landsat 7, two to three times
per year. A single global archive has not been
constructed since the late 1970’s. Landsat 7 also
includes a 15-meter panchromatic band for the
study of ecosystems disturbance.

» Begin to collect near-daily global measurements
of the terrestrial biosphere (an index of terrestri-
al photosynthetic processes from which calcula-
tions of carbon uptake are made) from
instruments on the EOS AM-1 spacecraft.

 Collect near-daily global measurements of ocean
color (an index of ocean productivity from which
calculations of ocean update of carbon are made).

Objective—Predict seasonal-to-interannual
climate variations
In FY99, the Earth Science Enterprise will continue
to invest in observations, research, data analysis,
and modeling in this area. The Tropical Rainfall
Measuring Mission (TRMM), launched in 1997, will
gather information on rainfall in the tropics, where
two-thirds of global precipitation falls. This is the key
to understanding Earth’s hydrological cycle, one of
the three major processes driving climate change,
and the global heat balance that drives seasonal
change. The performance target will be to:

» Begin the second of a 3-year sequence of instan-
taneous measurements of rainfall rates and
monthly accumulations in the global tropics. This
will be the first-ever measurement of global trop-
ical rainfall. Current uncertainty in global tropical
rainfall estimates is 50 percent; TRMM data will
reduce this uncertainty to 10 percent, an 80 per-
cent improvement.

The QuikScat spacecraft, planned for launch in
FY99, joins TRMM and the Ocean Topography

Experiment/Poseidon (TOPEX/Poseidon) as a
major El Nifio/La Nifa tracking asset. QuikScat will
replace the NASA Scatterometer instrument that
was lost in the failure of Japan’s ADEOS spacecraft
launched in 1997. The performance target will be to:
* Begin measurement of sea-surface wind speed

and direction at a spatial resolution of
25-kilometer resolution over at least 90 percent
of the ice-free global oceans every 2 days. This
represents a resolution increase of a factor of
two, as well as a 15-percent increase in coverage
over previous measurements. Data from this mis-
sion will be used to improve the short-term

weather forecasts.

Objective—Identify natural hazards, processes,
and mitigation strategies for floods, droughts,
and volcanoes

This is a new area of focus for NASA. The Earth
Science Enterprise will use a combination of
space-based and airborne assets to monitor and
assess impacts of natural hazards, such as volca-
noes, earthquakes, forest fires, hurricanes, floods,
and droughts. The short-term objective is to assess
impacts of these events on national and interna-
tional agriculture, food production, water
resources, commerce, and so forth. The long-term
objective is to apply the scientific understanding

toward developing a predictive capability.

In FY99, the Earth Science Enterprise will provide
the technology and instruments to allow for the col-
lection of interferometric Synthetic Aperture Radar
(SAR) data. This will enable the first consistent
global topography data record collected from
space and will have a variety of applications,
including assessing flood hazards, laying out new
roadways and pipelines, and providing airline oper-
ators with detailed elevation data for remote areas.
The performance target will be to:

NASA



* Provide instruments sufficient to create the first
digital topographic map of 80 percent of Earth’s
land surface between 60°N and 56°S. The
Shuttle Radar Topography Mission (SRTM) will
be ready for launch by the end of FY99.

Additional performance targets for this objective

will be to:

» Use the Global Positioning System (GPS) array in
southern California to monitor crustal deformation
on a daily basis with centimeter precision, and initi-
ate the installation of the next 100 stations. The data
will be archived at the Jet Propulsion Laboratory
(JPL) and run in models, with the results given to
the California Seismic Safety Commission and the
Federal Emergency Management Agency to be
used for earthquake warning.

» Ensure that data received from GPS receivers in
low-Earth orbit will also be used to test improved
algorithms for measuring atmosphere tempera-
ture. The data will serve as the future prototype
for improving short-term weather forecasts glob-
ally. The data will be archived at JPL, and the
results will be published in science literature.

Objective—Detect long-term climate change,
causes, and impacts

In FY99, information on global and regional studies
of temperature and precipitation drivers will be col-
lected to measure the solar radiation reaching
Earth. Clouds and aerosols (suspended particles in
the atmosphere such as dust, sulfate, and smoke)
determine the fate of this radiation in the atmos-
phere and impact Earth's energy balance. The
Moderate Resolution Imaging Spectroradiometer
(MODIS), the Multi-Angle Imaging Spectro-
radiometer (MISR), and the Advanced Spaceborne
Thermal Emission and Reflection Radiometer
(ASTER) instruments will collect these measure-
ments. These data, distributed through the

Goddard Space Flight Center’s Distributed Active
Archive Center (DAAC) and combined with data
from the Clouds and Earth’'s Radiant Energy
System (CERES), will enable NASA to estimate

Earth’s solar and infrared radiative fluxes, which in

turn will determine the heating and cooling of Earth

and its atmosphere. The current uncertainty in

Earth’s radiation balance is about 15W/m? month-

ly mean over 100-kilometer by 100-kilometer

areas. The performance targets for these instru-
ments will be to:

* Begin to conduct daily observations of cloud
properties, such as extent, height, optical thick-
ness, and particle size.

e Map aerosol formation, distribution, and sinks
over the land and oceans.

« Achieve significant reduction in the uncertainty in
components of Earth’s radiation balance (that is,
improved angular models leading to an estimat-
ed error reduction in regional-scale monthly aver-
age net radiation of about 50 percent).

Objective—Understand the causes of variation
in ozone concentrations and distribution in the
upper and lower atmosphere

NASA's contribution in this area is to develop and
operate space-based and airborne instruments
that will map the fluctuations in ozone and related
constituent gas in the atmosphere. In addition,
NASA has a focused research and modeling effort
in this area.

The Total Ozone Mapping Spectrometer (TOMS)

will collect information of the ozone content of the

total column of Earth’'s atmosphere. The perfor-
mance target will be to:

* Use new retrieval methods to collect and analyze
three new data products, including surface ultra-
violet, tropospheric aerosols, and, in certain
regions, tropospheric columns. Together with
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SBUV/2 data, there will now be a continuous
20-year data set for total ozone that will measure
the ultimate effectiveness of the Montreal
Protocol on substances that deplete the ozone
layer. These data are also useful in routing air-
craft around areas of concentrated volcanic dust.
These new and extended data products will be
made available on the TOMS web site for dis-
semination and access to a broader community
than just NASA-sponsored scientists.

The Stratospheric Aerosol and Gas Experiment 11l
(SAGE III) will be launched to provide measure-
ments of the distribution of trace constituents, tem-
perature, aerosols, and cloud presence and their
vertical distribution in the atmosphere. The perfor-
mance target will be to:

» Improve the collection and analysis of measure-
ments provided by SAGE Il. These improvements
include: lunar occultation capability allowing for
new nitrogen trioxide (NO3) and chlorine dioxide
(OCIO) measurements; additional wavelength
sampling providing direct measurements and
ability to retrieve aerosols throughout the tropos-
phere; and appreciably higher spectral resolution
allowing significantly improved distributions of
water vapor and ozone in the upper troposphere
and lower stratosphere. This represents approxi-
mately a two-thirds reduction in error in near-
tropopause water vapor measurements, as well
as extension of ozone measurements into

midtroposphere with 10- to 15-percent errors.

Such data were not available before.

Additional performance targets in this area will be to:

« Initiate the full Southern Hemisphere Additional
Ozonesonde network to obtain the first-ever cli-
matology of the upper tropospheric ozone in the
tropics.

e Continue the detailed multi-aircraft study of tro-
posphere chemistry over the tropical Pacific
Ocean, especially the contribution of long-range
transport of air from South America and Africa to
otherwise unpolluted areas. Complete the field
measurements phase of PEM-Tropics-B (rainy
season) with an improved payload that has
resulted from an initiative to develop a smaller,
lighter payload with equal or better performance
than PEM-Tropics-A (dry season). The results
will be fully analyzed and published.

* Measure surface levels of chlorine- and bromine-
containing chemical compounds addressed
under the Montreal Protocol to document the
decreasing concentrations of the regulated com-
pounds and the rising concentrations of their
replacements to quantify the decrease in total
halogen abundance in the lower atmosphere.
The data will be provided to researchers sup-
porting the World Meteorological Organization
(WMO) assessment process.

Objective—Improve dissemination of Earth

Science research results

The dissemination of information resulting from Earth

Science research is accomplished through the Earth

Observing System Data and Information System

(EOSDIS), and it will be a high priority in FY99.

Distribution systems will be improved, and new meth-

ods will be developed to place data in the hands of

Earth Science customers in a timely manner through

open, distributed, and responsive data system archi-

tectures. EOSDIS performance targets will be to:

* Make Earth science data on land surface char-
acteristics, ocean surface conditions, and climate
available to users within 5 days.

* Increase the volume of data archived by 10 per-
cent compared to FY97 (126 terabytes).

]

irm



* Increase the number of distinct customers by
20 percent compared to FY97 (699,000 distinct
customers).

* Increase products delivered from the DAAC’s by
10 percent compared to FY97 (3,171,000 data
products).

Objective—Increase the public’s understanding
of Earth System Science through education and
outreach

Earth Science missions and research programs

make a unique contribution to education and the pub-

lic’'s understanding of Earth Science. Providing a

steady return of discoveries and new knowledge con-

tributes to the accomplishment of this objective. The

Enterprise will continue to award fellowships through

NASA's Graduate Student Fellowship and Training

Programs. The performance targets will be to:

« Award 50 new graduate student/education
research grants and 20 early career postdoctoral
fellowships in Earth Science.

» Conduct at least 300 workshops to train teachers
in the use of Earth Science Enterprise education
products.

* Increase the number of schools participating in
Global Learning and Observations to Benefit the
Environment (GLOBE) from 5,900 in FY98 to
8,000 in FY99, a 35-percent increase. Increase
the number of participating countries from 70 in
FY98 to 72 in FY99.

Objective—Develop and transfer advanced
remote-sensing technology

In collaboration with partners in industry and acad-
emia, the Enterprise will develop and demonstrate
new technologies of value to remote-sensing
research. The performance targets will be to:

» Demonstrate a new capability to double the calibra-

tion quality for moderate-resolution land imagery.

» Transfer at least one technology development to
a commercial entity for operational use.

< Advance at least 25 percent of funded instrument
technology developments one Technology
Readiness Level (1 TRL) to enable future sci-
ence missions and reduce their total cost.

Objective—Extend the use of Earth Science
research for national, State, and local applications
The performance targets will be to:

e Establish at least five new Regional Earth
Science Applications Centers.

» Establish at least eight new projects, with the
U.S. Department of Agriculture, in the areas of
vegetation mapping and monitoring, risk and
damage assessment, and resource manage-
ment and precision agriculture.

e Complete the solicitation for at least seven coop-
erative agreements with State and local govern-
ments in land-use planning, land capability
analysis, critical areas management, and water
resources management.

Objective—Support the development of a
robust commercial remote-sensing industry
NASA is committed to providing technical assis-
tance and advice to companies developing the
commercial remote-sensing market opportunities.
The performance target will be to:
 Establish at least 75 commercial partnerships in
“value-added” remote-sensing product develop-
ment, an increase of 100 percent from 37 in FY97.

Objective—Make major scientific contributions
to national and international environmental
assessments

Because of the nature of the discipline, it is vital
that Earth Science research be conducted through
cooperation and partnerships with other agencies
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and with other countries. The Enterprise will con-

tinue to contribute scientific knowledge and obser-

vations and modeling results to national and
international scientific environmental assessments.

The performance targets will be to make significant

contributions to two national and two international

scientific assessments, including:

» Atmospheric Effects of Aviation, in collaboration
with the Federal Aviation Administration. The
contributed model results of the climate effects of
measured aircraft emissions will be provided to
the Intergovernmental Panel on Climate Change
(IPCC).

e U.S. regional/national assessment(s) in partner-
ship with U.S. Global Change Research Program
agencies.

e Provide a lead chapter author as well as most of
the global scale data to the WMO Ozone
Assessment.

e Provide global-scale observations and analyses
for the IPCC Assessment Report, sponsored by
the United Nations Environment Programme and
WMO.

General Earth Science performance measure—
Successfully launch spacecraft

The Earth Science Enterprise will successfully
launch three spacecraft, within 10 percent of bud-
get on average.

External Assessment

The Earth Science Advisory Committee of the
NASA Advisory Council will conduct an annual
assessment of the Enterprise’s near-term science
objectives. The Committee will provide a qualitative
progress measurement (Green, Yellow, or Red).
“Green” will indicate that the objective was met;
“Yellow” will indicate a concern that an objective
was not fully accomplished; and “Red” will indicate
that events occurred that prevented or severely
impaired the accomplishment of the objective. The
assessment will include commentary to clarify and
supplement the qualitative measures.
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Earth Science—Chart 3

Earth Science Enterprise
Strategic Goals

Objectives

Final FY 1999 Performance Targets

9o#

Expand scientific knowledge by
characterizing the Earth system

Understand the causes and
consequences of land-cover/
land-use change

Refresh the global archive of 30m land imagery from Landsat 7, two to three times per year. A single global
archive has not been constructed since late 1970's. This will include a 15m panchromatic band.

Collect near-daily global measurements of the terrestrial biosphere (index of terrestrial photosynthetic processes
from which calculations of carbon uptake are made) from instruments on EOS AM-1.

Collect near-daily measurements of ocean color (index of ocean productivity from which calculations of ocean
update of carbon are made).

Y1l
Y2
V)

Predict seasonal-to-interannual
climate variations

TRMM will begin the second of a 3-year sequence of instantaneous measurements of rainfall rates and monthly
accumulations in the global tropics. This will be the first measurement of global tropical rainfall. Current uncertainty
is 50 percent. TRMM data will reduce uncertainty to 10 percent.

The QuikScat spacecraft will provide 25km resolution wind speed and direction measurements over at least
90 percent of the ice-free global oceans every 2 days. This represents a resolution increase of a factor of two
and a 15-percent increase in coverage over previous measurements.

Y4

Y5

Identify natural hazards,
processes, and mitigation
strategies for floods, droughts,
and volcanoes

The Enterprise will provide the technology and instruments to create the first digital topographic map of
80 percent of Earth’s land surface, everything between 60°N and 56°S. SRTM will be ready to launch in September
1999,

Use GPS array in southern California to monitor crustal deformation on a daily basis with centimeter precision;
initiate installation of the next 100 stations. Data will be archived at JPL and run in models, with results given to
the California Seismic Safety Commission and FEMA.

Use GPS data to test improved algorithms for sounding the atmosphere with the occulted GPS signal. Data will
be archived at JPL and results published in science literature.

Y6

Y7
Y8

Detect long-term climate change,
causes, and impacts

MODIS, MISR, ASTER, and CERES (AM-1 instruments) will begin to conduct daily observations of cloud
properties such as extent, height, and optical thickness, and particle size. Data will be distributed through the
Goddard DAAC.

AM-1 will map aerosol formation, distribution, and sinks over the land and oceans.

The AM-1 instrument will achieve a 40-percent reduction in the uncertainty in Earth’s radiation balance (that is,
improved angular models leading to an estimated error reduction in regional-scale monthly average net radiation
of about 50 percent).

Y9
Y10

Y11

Understand the causes of
variation in ozone concentrations
and distribution in the upper and
lower atmosphere

TOMS data will be used for new retrieval methods to collect and analyze three new data products, including
surface ultraviolet, tropospheric aerosols, and tropospheric columns. With SBUV/2 data, TOMS will make a
continuous 20-year data set for total ozone-measuring effectiveness of Montreal Protocol. New and extended
data products will be made available on the TOMS web site.

SAGE 11l will improve the collection and analysis of measurements provided by SAGE Il by adding these new
features: new nitrogen trioxide and chlorine dioxide measurements, additional wavelength sampling to directly
measure and retrieve aerosols throughout the troposphere, and higher spectral resolution.

Initiate the full Southern Hemisphere Additional Ozonesonde network to obtain the first-ever climatology of upper
tropospheric ozone in the topics.

With data from other atmospheric ozone programs, continue the detailed multi-aircraft study of troposphere
chemistry over the tropical Pacific Ocean, especially the contribution of long-range transport of air from South
America and Africa to unpolluted areas. Complete the field measurements phase of PEM-Tropics-B (rainy season)
with an improved payload that has resulted from an initiative to develop a smaller, lighter payload with equal or
better performance than PEM-Tropics-A (dry season). Results will be fully analyzed and published.

With data from other atmospheric ozone programs, measure surface levels of chlorine- and bromine-containing
chemical compounds addressed in the Montreal Protocol to document decreasing concentrations of regulated
compounds and inceasing concentrations of replacement compounds. Analyses will be provided to researchers
supporting the WMO assessment process.

Y12

Y13
Y14

Y15

Y16

« Disseminate information about the
Earth System

Improve dissemination of Earth
Science research results

EOSDIS will make available data on prediction, land surface, and climate to users within 5 days.

EOSDIS will increase the volume of data archived by 10 percent compared to FY97 (at 126 terabytes). Goddard
has been collecting trend data since FY94.

EOSDIS will increase the number of distinct customers by 20 percent compared to FY97 (at 699,000 distinct
customers). Goddard has been collecting trend data since FY94.

EOSDIS will increase products delivered from the DAAC’s by 10 percent compared to FY97 (at 3,171,000 data
products). Goddard has been tracking this information since FY94.

Y17
Y18
Y19
Y20

X4




VYSVN

Earth Science—Chart 3 (continued)
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Earth Science Enterprise

Strategic Goals

Objectives

Final FY 1999 Performance Targets

9o#

Disseminate information about the
Earth System

Increase public understanding of
Earth System Science through
education and outreach

Award 50 new graduate student research grants and 20 early career postdoctoral fellowships in Earth Science.
Conduct at least 300 workshops to train teachers in use of Earth Science Enterprise education products.
Increase number of schools participating in GLOBE to 8,000, from 5,900 in FY98, a 35-percent increase; increase
participating countries from 70 in FY98 to 72.

Y21
Y22

Y23

Enable the productive use of Earth
Science and technology in the public

and private sectors

Develop and transfer advanced
remote-sensing technologies

Demonstrate a new capability to double the calibration quality for moderate-resolution land imagery.
Annually transfer at least one technology development to a commercial entity for operational use.
Annually advance at least 25 percent of funded instrument technology developments 1 TRL.

Y28
Y29
Y30

Extend the use of Earth Science
research for national, State, and
local applications

Establish at least five new Regional Earth Science Applications Centers.

Establish at least eight new projects, with USDA, in the areas of vegetation mapping and monitoring, risk and
damage assessment, and resource management and precision agriculture.

Complete solicitation for at least seven cooperative agreements with State and local governments in land-use
planning, land capability analysis, critical areas management, and water resources management.

Y31
Y32
Y33

Support the development of a
robust commercial remote-
sensing industry

Establish at least 75 commercial partnerships in “value-added” remote-sensing product development, an increase
from 37 over FY97.

Y34

Make major scientific contributions
to national and international
environmental assessments

Contribute model results of climate effects of measured aircraft emissions and provide to the IPCC Assessment
Report.

Make significant contributions to U.S. regional/national assessments in partnership with U.S. Global Change
Research Program agencies.

Make significant contributions to WMO Ozone Assessment by providing a lead chapter author as well as most
of the global-scale data.

Provide lead chapter author and most of the global-scale data and contributing researchers to the IPCC Assessment
Report, sponsored by United Nations Environment Programme and WMO.

Y24
Y25
Y26
Y27

Expand scientific knowledge by
characterizing the Earth System

Successfully launch spacecraft

The Enterprise will successfully launch three spacecraft, within 10 percent of budget on average.

Y35
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Earth Science Budget Crosswalk—Chart 4 (continued)
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Successfully launched spacecraft X Y35

Note: X=Primary Contribution, Y=Secondary Contribution




Human Exploration and
Development of Space Enterprise

Mission

The Human Exploration and Development of
Space (HEDS) Enterprise mission is to open the
space frontier by exploring, using, and enabling the
development of space to expand human experi-
ence into the far reaches of space. The Enterprise
mission includes developing innovative technolo-
gies to support HEDS programs and making them
available for other applications that provide bene-
fits to the Nation. Knowledge and discoveries will
be shared with the public to enhance science,
mathematics, and technology education and
increase the scientific and technological literacy of
all Americans.

Implementation Strategy

The HEDS Enterprise strategy is implemented by
two program offices: the Office of Space Flight and
the Office of Life and Microgravity Sciences and
Applications (OLMSA).

The Office of Space Flight strategy to contribute to
the HEDS mission consists of three major compo-
nents: safety and performance upgrades; Space
Shuttle operations; and the assembly of the
International Space Station (ISS). Safety and per-
formance upgrades provide for the modifications
and improvements of ground facilities and Space
Shuttle capabilities, the replacement of obsolete
systems, and the expansion of safety and operat-
ing margins. Investments in Space Shuttle opera-
tions include hardware production, ground
processing, launch and landing operations, flight
crew operations, training, logistics, and sustaining
engineering. The implementation strategy for ISS

begins with Phase Il of the program. This phase
begins with the launch of the U.S.-owned/Russian-
launched Functional Cargo Block (FGB) and con-
cludes with the launch of the Airlock on Flight 7A.

The OLMSA strategy to contribute to the HEDS
mission also consists of three components.
OLMSA supports fundamental research driven by
an emphasis on expanding scientific knowledge. Its
focus on mission-driven research improves knowl-
edge and technology for human space flight. The
application-driven research of OLMSA seeks to
transfer knowledge, expertise, and technology from
HEDS missions to other uses that provide benefits
to the Nation.

Enterprise Resource Requirements

The President has requested the following budget
for FY99 to FY03 to support the accomplishment of
HEDS goals:

$M FY 99 FY 00 FY 01 FY 02 FYO03

New Obligations Authority 6309 6087 5929 5725 5480
Civil Servants 6220 5724 5593 5532 5428
Performance Measures

Note: The goals and objectives of the HEDS
Enterprise are undergoing revision. The following
objectives are consistent with previous versions of
the FY99 Performance Plan but do not map to the
currently published NASA Strategic Plan in a one-
to-one fashion. The table at the end of this section
provides a crosswalk from the older, published
1998 NASA Strategic Plan to the current perfor-
mance targets. HEDS developed the performance
targets within the framework of the goals and
objectives provided in the text section.
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Goal: Explore the role of gravity in physical,
chemical, and biological processes

Objective—Enable the research community to
use gravity as an experimental variable
The microgravity environment affords substantially
reduced buoyancy forces, hydrostatic pressures,
and sedimentation rates, allowing gravity-related
phenomena and phenomena masked by gravity on
Earth to be isolated and controlled. This environ-
ment allows measurements to be made with an
accuracy that cannot be obtained on Earth. In part-
nership with the science community, HEDS identi-
fies promising areas for space biological and
physical science research. This partnership also
supports technologies to improve U.S. competitive-
ness in these areas of research. Examples include
glasses, ceramics, polymers, and biologically
inspired "smart" materials. The performance tar-
gets will be to:

e Support an expanded research program of
approximately 800 investigations, an increase of
approximately 9 percent over FY98.

e Publish 90 percent of FY98 science research
progress in the annual OLMSA Life Sciences and
Microgravity Research Program  Task

Bibliographies and make it available on the

Internet.

NASA will establish a new National Center for
Evolutionary Biology. The Center will lead a nation-
al research effort on the evolution of mechanisms
that sense gravity and developmental mechanisms
by which multicellular organisms orient themselves
with respect to gravity. The Center will also focus
on the study of the interaction of gravity with the
evolution of life. OLMSA’s Life Sciences Division
will lead this effort and will involve the Office of
Space Science and the Office of Earth Science so
that NASA will assume a national leadership role in

evolutionary biology that is clearly integrated and

coordinated among different program offices. The

performance target will be to:

« Establish a National Center for Evolutionary
Biology with participation of at least five research
institutions and engaging at least 20 investigators.

NASA and the National Institutes of Health (NIH)
selected a series of space flight experiments to use
the microgravity environment to investigate funda-
mental aspects of the nervous system in a micro-
gravity environment and to advance our
understanding of changes in the nervous system
function in space. Designated the Neurolab pro-
gram, this work is part of the Federal Government's
activities for the Decade of the Brain (1990-1999)
and will lay the groundwork for NASA-NIH cooper-

ative research on the ISS.

The Neurolab, launched on the Space Shuttle in
1998 on STS-90, performed international research
in brain function and behavior. Experiments includ-
ed studies on blood pressure control; sleep and
wake cycles regulation; posture, balance, and
coordination; and developmental neurobiology.
New experimental technologies were introduced to
support this research. The Neurolab program will
contribute to improving the clinical diagnosis of
balance disorders and sleep abnormalities in addi-
tion to providing new fundamental knowledge of
how the nervous system develops, processes infor-
mation, and changes in response to stimuli. The
performance targets will be to:

e Publish a report of comparison of three different
biological models to understand the influence of
gravity on the nervous system.

* Publish a report defining the time course adapta-
tions in the balance system to altered gravita-
tional environments.

NASA



One of the goals of the Shuttle-Mir research pro-
gram was to conduct peer-reviewed, precursor sci-
entific research in preparation for the ISS. Research
conducted on Mir missions increased the under-
standing necessary to develop effective counter-
measures to be implemented on the ISS. Mir
experience indicates that the current countermea-
sures were not effective in maintaining crew bone
and muscle. The Mir radiation project indicated that
the South Atlantic Anomaly (SAA) moved 250 miles
north and west since the early 1970's. The research
showed that flight
90 percent of the radiation doses during the short

crews received

time the spacecratft is in the SAA. Mir plant research

demonstrated that some species of plants can suc-
cessfully grow and develop in microgravity. In a Mir

plant growth unit, a radish-type plant grew from a

seed and produced new seeds, and new plants

were grown from the space-produced seeds. The

Mir missions have also provided insight into long-

duration cell tissue culturing and have proven novel

technologies to increase the number of protein

crystal samples that can be accommodated in a

standard growth chamber by up to a factor of 30.

The performance targets will be to:

» Document Mir data lessons learned to facilitate
ISS biomedical and countermeasure research.

* Document Mir data lessons learned to facilitate
ISS research in fundamental biology and regen-
erative life support.

* Analyze Mir data to achieve a 3-year jump-start
for cell culture and protein crystal growth
research, and document analyses and lessons
learned.

» Document Mirradiation research data to facilitate
ISS extravehicular activity (EVA) planning.

The Microgravity Science Laboratory (MSL-1) and
MSL-1 reflight carried major NASA-developed

instruments for research in combustion science
and fluid physics. It also used German-developed
hardware to conduct research in materials science.
An analysis of the mission has produced revolu-
tionary data to improve our understanding of com-
bustion and soot formation processes. This
understanding is important because 85 percent of
U.S. energy is produced through combustion
processes. Combustion is also a major contributor
to pollution, which affects health.

One major problem in foundry technology is con-
trolling the microstructure of a casting by control-
ling the rate of new solid particle (nucleation rate)
formation as the liquid metal cools and subse-
quently freezes. Experiments processed in
MSL-1's unique, German-developed levitating fur-
nace facility yielded the first measurements of spe-
cific heat and thermal expansion of glass-forming
metallic alloys. These measurements—never taken
on Earth before—are fundamental measurements
necessary for modeling the industrial materials
systems needed to manufacture new and better
products. The Physics of Hard Sphere experiment,
which examined changes that occur during the
transition of a substance from liquid to solid and
solid to liquid, offered insights into phenomena that
could improve the design of metallic alloys and pro-
cessing techniques. Questions addressed by the
Physics of Hard Sphere experiment include:
¢ What is the volume fraction at which dispersions of
hard spheres freeze, melt, and become glasses?
* What is the equilibrium structure associated with
each phase?
e What are the dynamics of Brownian fluctuations
within each phase?
 What are the kinetics of the nucleation and
growth of the crystalline phase?
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The performance targets will be to:

e Improve predictive capabilities of soot processes
by at least 50 percent through the analysis of
MSL-1 data, and publish the results in peer-
reviewed open literature.

* Use MSL-1 results to eliminate one of the three
primary fluid flow regimes from consideration by
casting engineers, and publish this result in peer-
reviewed literature. Casting engineers may use
this information to improve metal casting
processes in industry.

* Use data obtained from fluid physics experi-
ments on suspensions of colloidal particles on
MSL-1 to answer fundamental questions in con-
densed matter physics regarding the transition
between liquid and solid phases, and publish
data on the transition from liquids to solids and
the results in peer-reviewed open literature.

Goal: Continue to open and develop the space
frontier; develop and assemble the ISS and uti-
lize it to advance scientific, exploration, engi-
neering, and commercial activities, and provide
safe and affordable human access to space

Objective—Improve Space Shuttle program oper-
ations by safely flying the manifest and aggres-
sively pursuing a systems upgrade program
The Space Shuttle program will continue the Safety
and Performance Upgrades program. Phase 1
upgrades are designed to improve safety and per-
formance that will enable the Space Shuttle to
achieve the orbital inclination and altitude of the
ISS. HEDS will also implement a variety of process
improvements to enhance Shuttle safety and relia-
bility and reduce costs. The performance targets
will be to:
e Achieve seven or fewer flight anomalies per
mission.

Space Shuttle In-flight Anomalies
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e Achieve 85-percent on-time, successful launches

(excluding the risk of weather).
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» Achieve a 60-percent increase in predicted relia-
bility of the Space Shuttle over 1995.

Objective—Deploy and operate the ISS for
research, engineering, and exploration activities
The ISS will provide the world with a permanent
international research facility in low-Earth orbit. The
facility will provide unprecedented space-based
opportunities for the conduct of long-duration sci-
entific research and technology demonstrations, as
well as the capabilities for the commercial develop-
ment of space. ISS laboratories will allow crews to
learn to live and work in space and to demonstrate
technologies for potential missions of human
exploration beyond low-Earth orbit. The perfor-
mance targets will be to:

e Deploy and activate the Russian-built FGB
(Functional Cargo Block) as the early propulsion
and cargo module.

e Deploy and activate the first U.S.-built element,
Unity (Node 1), to provide docking locations and
attach ports.

e Initiate full-scale Multi-Element Integration
Testing (MEIT) for elements in the first four
launch packages.

« Deliver the U.S. Laboratory Module to the launch
site in preparation for MEIT.

e Conduct the physical integration of the Z1 Truss
launch package and initiate MEIT.

Plans are under way to evaluate our ability to
deploy payloads (such as human research,
biotechnology, glovebox-type microgravity
research) as early as possible during Phase Il of
the ISS. Lessons learned from Phase | will be
incorporated into this process. Special attention will
be given to foster the commercial activities. The
performance targets will be to:

* Initiate preparations for the launch of the first

EXPRESS rack with five payloads on Flight 7A-1.

« Initiate preparations for the launch of the first
rack of the Human Research Facility (HRF-1)
and the Window Observation Research Facility
(WORF-1) on the first Utilization Flight (UF-1).

Objective—Ensure the health, safety, and

performance of space flight crews

A consortium of seven universities has established

the National Space Biomedical Research Institute

to lead world-class space biomedical research to
support HEDS. The Institute will undertake
research on countermeasures and procedures to
minimize the deleterious effects of space flight on
the human body. The performance targets will be to:

e Complete the development of countermeasure
research protocols and begin testing a minimum
of three countermeasures intended to protect
bone, muscle, and physical work capacity.

e Perform component and subsystem ground tests
without humans in the loop to demonstrate
advanced technologies, including the biological
water processor, and flight-test a new electronic
“nose” sensor on a chip.

Goal: Prepare to conduct human missions of
exploration

Objective—In partnership with the Space
Science Enterprise, carry out an integrated pro-
gram of robotic exploration of the solar system
to characterize the potential for human explo-
ration and development

HEDS and the Space Science Enterprise will coop-
erate in developing mission objectives and technol-
ogy requirements for robotic exploration of the
solar system. This cooperation will help determine
the feasibility and need for human missions of solar
system exploration. In FY99, this collaboration will
focus radiation and soil/dust research on robotic
missions to Mars while evaluating options to
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increase mission efficiency for both robotic and
human missions, especially options to reduce
launch mass. For example, calculations have
shown that in-situ propellant production has the
potential to significantly reduce (20 to 25 percent)
launch mass requirements. Radiation hazards to
human space flight in deep space have not been
guantified. New combinations of materials, each
possessing favorable performance-related charac-
teristics (shielding, structural, and so on), may
markedly improve synergistic possibilities for
reduced launch mass.

Understanding and controlling flow and properties
of particulates and granular materials have appli-
cations, from predicting rock slides and earth-
guakes to designing process operation for ores and
polymer pellets. It is also important, for future
exploration missions to the Moon and Mars, for
developing protective measures against the ubiqui-
tous Martian dust, ore benefaction, and handling of
soil for in-situ resource utilization. The performance
targets will be to:

« Initiate a collaborative program to design and
develop radiation and soil/dust measuring
devices.

e Plan for the demonstration of in-situ propellant
production.

Objective—Explore and invest in enabling
cross-cutting technology and studies that can
affordably open up the frontiers for human
space exploration where there is a compelling
rationale for human involvement

HEDS will continue studying options for human
exploration in support of the National Space Policy.
This will be accomplished through a small cadre of
Civil Service employees from NASA Field Centers,
along with our partners from industry and other

countries. Investments will be made in technolo-
gies to enable significant improvements in cost
reduction, supportability, and operations of human
missions. These technologies include propulsion,
power, life support, communication, and naviga-
tion, and they will apply to the exploration of the
Moon, Mars, and asteroids. A key element of these
efforts will be the development of scientific partner-
ships and international cooperation. The perfor-
mance targets will be to:

« Evaluate options and define the exploration tech-

nology investment plan.

Goal: Aggressively seek investment from the
private sector, increase the affordability of
space operations through privatization and
commercialization, and share HEDS knowl-
edge, technologies, and assets that promise
to enhance the quality of life on Earth

Objective—Promote investments in commer-
cial assets as pathfinders in ISS commercial
operations and reduce the cost of Space
Shuttle operations through privatization, even-
tual commercialization, and flying payloads
NASA is pursuing a capability to transfer the oper-
ation of the Space Shuttle and ISS to the private
sector. The Space Flight Operations Contract is the
initial focus of this objective. In a similar vein, the
ISS program is developing processes and plans to
facilitate commercial use and to highlight issues
and advantages of commercial operations. The
performance targets will be to:

e Complete the development of a commercializa-
tion plan for the ISS and Space Shuttle in part-
nership with the research and commercial
investment communities, and define and recom-
mend policy and legislative changes.

]
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Objective—Reduce space communications and
operations costs through privatization and
eventual commercialization

HEDS is committed to the commercialization of

operation services as directed in the National

Space Policy. HEDS will also collaborate with other

Strategic Enterprises, agencies, industries, and

international partners to develop commercial initia-

tives. The performance targets will be to:

* Reduce space communications operations costs
by 30 to 35 percent compared to the 1996 budget,
through a consolidated space communications
contract to meet established budget targets.

e Develop options and recommendations to com-
mercialize space communications.

Objective—Foster consortia of industry, acade-
mia, and government; leverage funding,
resources, and expertise to identify and devel-
op commercial space opportunities
HEDS facilitates industry’s use of space to develop
competitive products that contribute to the Nation’s
economic growth. This program, which combines
NASA and industry research and development
capabilities, is implemented through the
Commercial Space Centers (CSC) located through-
out the country. CSC’s are multidisciplinary consor-
tia that work with industry, academia, and
Government to facilitate the use of space for com-
mercial products and services. Industry participa-
tion is an essential element of the program. Industry
provides funding to pay for CSC-provided services,
as well as in-kind industry personnel, equipment,
and materials to facilitate commercial space
research. The performance targets will be to:

* Increase non-NASA investment (cash and in-
kind) in space research from $35 million in FY96
to at least $50 million in FY99—a 40-percent
increase.

 Establish a new food technology CSC.

Objective—Involve our Nation’s citizens in the
adventure of exploring space and transfer
knowledge and technologies to enhance the
quality of life on Earth

HEDS will implement the ISS outreach and educa-

tion plan, support NASA educational activities,

maintain information pages on the Internet, and
conduct annual ISS videoconferences for students
and professional audiences. HEDS will contribute
education and outreach support by developing
appropriate curricula for National Science

Teachers Association (NSTA), National Council of

Teachers of Mathematics, and International

Technology Education Association (ITEA) national

conferences and assist in revisions of textbooks as

appropriate. The performance targets will be to:

e Initiate a curriculum development program, in
partnership with the ITEA, for gravity-related
educational modules for national distribution that
meet the current NSTA National Standards for
Science for grades K-12 and the ITEA National
Standards for Technology Education scheduled
to be published in June 1999.

e Expand the microgravity research program’s
World Wide Web-based digital image archive
established in 1998 by 50 percent.

HEDS research is directed toward maintaining the
health and performance of space crews. Research
into procedures and technologies to monitor health
and provide care in remote and hostile environ-
ments is conducted. This research results in
improved and efficient systems that can be easily
adapted to Earth’s environments. The performance
targets will be to:

e Conduct at least two demonstrations of the
applicability of the “Telemedicine Instrumentation
Pack” for health care delivery to remote areas.

« Demonstrate the application of laser light scat-
tering technology for the early detection of eye-
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tissue damage from diabetes, and publish the
results in peer-reviewed open literature.

External Assessment

The appropriate subcommittees of the NASA
Advisory Council will conduct annual assessments
of the progress made by the HEDS Enterprise in
achieving its near-term performance targets. These
committees will provide a qualitative progress mea-
surement (Green, Yellow, or Red). “Green” will indi-
cate that the target was met; “Yellow” will indicate a
concern that a target was not fully accomplished;

and “Red” will indicate that events occurred that
prevented or severely impaired the accomplish-
ment of the target. The assessment will include
commentary to clarify and supplement the qualita-
tive measures.

The following table provides a crosswalk between the
1998 NASA Strategic Plan and the HEDS FY99 per-
formance goals. The goals and objectives of the
HEDS Enterprise are under revision. The reader is
directed to the text above for a full treatment of the
current goals and objectives of the HEDS Enterprise.

NASA
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Human Exploration and Development of Space Enterprise—Chart 5

HEDS Enterprise

Strategic Goals Objectives Final FY 1999 Performance Targets 99#
Use the environment of space to Expand scientific knowledge by « Support an expanded research program of approximately 800 investigations, an increase of about 9 percent
expand scientific knowledge (OLMSA) exploring the role of gravity and over FY98. H1
the space environment in * Publish 90 percent of FY98 science research progress in the annual OLMSA Life Sciences and Microgravity
physical, chemical, and biological Research Program Task Bibliographies and make it available on the Internet. H2
processes through a vigorous « Publish a report of comparison of three different biological models to understand the influence of gravity on the
peer-reviewed research program nervous system. H5
in space » Publish a report defining the time course adaptions in the balance system to altered gravitational environments. H6
« Document Mir data lessons learned to facilitate ISS biomedical and countermeasure research. H7
« Document Mir data lessons learned to facilitate ISS research in fundamental biology and regenerative life
support. H8
* Analyze Mirdata to achieve 3-year jump-start for cell culture and protein crystal growth research, and document
analyses and lessons learned. H9
« Document Mir radiation research data to facilitate ISS EVA planning. H10
« Improve predictive capabilities of soot processes by at least 50 percent through analysis of MSL-1 data, and
publish the results in peer-reviewed open literature. H11
« Use MSL-1 results to eliminate one of the three primary fluid flow regimes from consideration by casting engineers
for enhancing nucleation rate to form castings with a liner microstructure, and publish results in peer-reviewed
literature. H12
« Use data obtained by fluid physics experiments on suspensions of colloidal particles on MSL-1 to answer
fundamental questions in condensed matter physics regarding the transition between liquid and solid phases,
and publish data on transition from liquids to solids and the results in peer-reviewed open literature. H13
Provide safe and affordable human Improve Space Shuttle program * Achieve seven or fewer flight anomalies per mission. H15
access to space, establish a human operations by safely flying the « Achieve 85 percent on-time, successful launches (excluding weather risk). H16
presence in space (Office of Space manifest (scheduled missions) « Achieve a 13-month manifest preparation time H17
Flight) and aggressively pursuing a « Achieve a 60-percent increase in predicted reliability of the Space Shuttle over 1995. H18
systems upgrade program that
will reduce payload-to-orbit costs
by a factor of 2 by 2002
Expand a permanent human « Deploy and activate the Russian-built Functional Cargo Block (FGB) as the early propulsion and control module. H19
presence in low-Earth orbit by « Initiate preparations for the launch of the first EXPRESS rack with five payloads on assembly flight 7A-1. H23
transitioning from Mir to the ISS < Initiate preparations for the launch of the Human Research Facility (HRF-1) and Window Observational Research
program to enhance and Facility (WORF-1) on first utilization flight. H24
maximize science, technology, « Deploy and activate the first U.S.-built element, Unity (Node 1), to provide docking locations and attach ports. H41
and commercial objectives < Initiate full-scale Multi-Element Integration Testing (MEIT) for elements in the first four launch packages. H42
« Deliver the U.S, Laboratory module to the launch site in preparation for MEIT. H43
« Conduct physical integration of the Z1 Truss launch package and initiate MEIT. H44
Ensure the health, safety, and « Complete the development of countermeasure research protocols, and begin testing at least three countermeasures
performance of space flight crews to protect bone, muscle, and physical work capacity. H25
through cutting-edge medical
practice using advanced
technology
Prepare to conduct human missions With the Space Science < Initiate a collaborative program to design and develop radiation and soil/dust measuring devices. H26
of exploration to planetary and other Enterprise, carry out an ¢ Plan for the demonstration of in-situ propellant production. H27

bodies in the solar system (OLMSA
and Office of Space Flight)

integrated program of robotic
exploration of Mars to
characterize the potential for
human exploration to support
definition decision or human
exploration as early as 2005
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Human Exploration and Development of Space Enterprise—Chart 5 (continued)

14>

HEDS Enterprise
Strategic Goals

Objectives

Final FY 1999 Performance Targets

99#

Prepare to conduct human missions
of exploration to planetary and other
bodies in the solar system (continued)

Establish the requirements and
architecture for human exploration
that can radically reduce cost
through the use of local solar
system resources, advanced
propulsion technologies,
commercial participation, and
other advanced technologies

Evaluate options and define the exploration technology investment plan.
Perform component and subsystem ground tests without humans in the loop to demonstrate advanced technologies,
including the biological water processor, and flight-test a new electronic “nose” sensor on a chip.

H28
H29

Enable the commercial development
of space and share HEDS knowledge,
technologies, and assets that promise
to enhance the quality of life on Earth
(OLMSA)

Transfer knowledge and
technolgies, and promote
partnerships to improve health
and enhance the quality of life

Establish a National Center for Evolutionary Biology with a minimum of five research institutions and
20 investigators.

H3

Provide safe and affordable human
access to space, establish a human
presence in space, and share the
human experience of being in space
(OLMSA and Office of Space Flight)

Transfer knowledge and
technolgies, and promote
partnerships to improve health
and enhance the quality of life

Complete the development of a commercialization plan for the ISS and Space Shuttle in partnership with the
research and commercial investment communities, and define and recommend policy and legislative changes.
Reduce space communications operations costs by 30-35 percent compared to 1996 budget, through a
consolidated space communications contract to meet established budget targets.

Develop options and recommendations to commercialize space communications.

Increase industry investment (cash and in-kind) in space research from $35 million in FY96 to at least $50 million
in FY99—a 40-percent increase.

H30

H33
H34

H35

Enable the commercial development
of space and share HEDS knowledge,
technologies, and assets that promise
to enhance the quality of life on Earth
(OLMSA)

Transfer knowledge and
technolgies, and promote
partnerships to improve health
and enhance the quality of life

Establish a new food technology Commercial Space Center.

Initiate a curriculum development program, in partnership with the ITEA, for gravity-related educational modules
for national distribution that meet NSTA standards for K-12 and the ITEA National Standards for Technology
Education to be published in June 1999.

Expand the microgravity research program’s web-based digital image archive established in 1998 by 50 percent.
Conduct at least two demonstrations of the applicability of the “Telemedicine Instrumentation Pack” for health
care delivery to remote areas.

Demonstrate the application of laser light scattering technology for early detection of eye-tissue damage from
Diabetes, and publish the results in peer-reviewed open literature.

H36
H37
H38
H39
H40




Human Exploration and Development of Space Budget Crosswalk—Chart 6
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Expand scientific knowledge by Y|Y X H1, H7, H8, H9, H10
exploring the role of gravity and the
space environment in phyusical,
chemical, and biological